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(57) ABSTRACT 

A photocatalytic member including a titanium-based oxide 
?lm disposed on one of the major surfaces of a transparent 
substrate, the titanium-based oxide ?lm having a photocata 
lytic function and a physical thickness of 50 to 500 nm; and 
a primer ?lm interposed betWeen the transparent substrate 
and the titanium-based oxide ?lm, the primer ?lm being 
composed of tWo layers and having a total physical thick 
ness of 40 to 200 nm, the layer of the primer ?lm adjoining 
the transparent substrate having at least a function of block 
ing the gas and impurities Which are discharged or eluted 
from the transparent substrate, and the layer of the primer 
?lm adjoining the titanium-based oxide having a larger 
refractive index than that of the layer adjoining the trans 
parent substrate; in Which the primer ?lm reduces the 
dependence of the color on the thickness of the titanium 
based oxide ?lm, and the color of re?ected visible light and 
the color of transmitted visible light of one of the major 
surfaces of the transparent substrate, When observed at least 
in one direction, have chromaticness indices a* and b* in the 
L*a*b* color system in the range indicated as Within :5. 
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PHOTOCATALYTIC MEMBER 

TECHNICAL FIELD 

[0001] The present invention relates to a photocatalytic 
member having high photocatalytic activity and mainly 
comprising a titanium oxide-based oxide. 

BACKGROUND ART 

[0002] In recent years, articles having a photocatalytic 
?lm mainly comprising a titanium-based oxide formed on 
the surface of a substrate have been receiving attention and 
already commercialiZed in a Wide variety of ?elds such as an 
architectural WindoW glass requiring stain resistance, anti 
bacterial properties, a deodoriZing function and the like; a 
display panel for electronic display equipment; a frame for 
portable equipment, sanitary facilities, medical facilities and 
the like; implements in a biotechnology ?eld such as DNA 
analysis and the like. As a method for obtaining the articles 
having high photocatalytic activity, it is already knoWn that 
the formation of a thick titanium-based oxide ?lm on the 
surface of a substrate (for example, a glass substrate) may be 
used. The previous study by the inventors has provided 
?ndings that for the effective use of the photocatalytic ?lm, 
the titanium-based oxide ?lm needs to have a physical 
thickness of 50 nm or more. 

[0003] HoWever, When forming a titanium-based oxide 
?lm having a physical thickness of 40 nm or more, espe 
cially a thickness of approximately 100 to 300 nm for a 
practical use, the color of re?ected light and the color of 
transmitted light exhibit chromatic colors by the interference 
of light, and the “intensity” of color becomes prominent. The 
obtained color may be positively utiliZed in some cases, but 
this is regarded as a problem When achromatic color is 
required. For example, When used for an architectural Win 
doW glass, the achromatic color is required in many cases. 

[0004] In addition, only a small nonuniformity of the 
thickness of the titanium-based oxide ?lm often causes the 
color of re?ected light to vary, resulting in a problem of the 
irregular color by the interference to extremely impair its 
marketability. Therefore, if desired color other than the 
achromatic color is to be obtained, high controllability and 
uniformity of ?lm thickness are required. 

[0005] Furthermore, as a method for maintaining and 
improving the photocatalytic activity, it is knoWn to inter 
pose a primer ?lm betWeen a titanium-based oxide ?lm and 
a substrate to impart the function for blocking gas to be 
discharged and impurities to be eluted from the substrate by 
the primer ?lm and the function for improving the ?lm 
structure of the titanium-based oxide ?lm. HoWever, prior 
examples are noWhere to be found in Which the primer ?lm 
is positively used for improving the color of re?ected light 
and the color of transmitted light Without impairing the 
effect of the primer ?lm. 

[0006] For example, in National Publication of Interna 
tional Patent Application No. 11-512336 and National Pub 
lication of International Patent Application No. 11-512337, 
there are disclosed technologies to form a photocatalytic 
layer such as TiO2 by interposing a thin ?lm such as SiO2 or 
SiOC Which exerts the alkaline passivation effect on the 
surface of a transparent substrate such as a glass plate. 

[0007] HoWever, the technologies disclosed in these pub 
lications cannot change the color of transmitted light to 
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achromatic colors (referred to as “neutral” herein beloW), 
and the irregular color by the interference tends to occur. 

[0008] In addition, according to Japanese Patent Publica 
tion No. 3-72586, there is disclosed the technology for 
disposing tWo primer layers betWeen a semiconductor ?lm 
and a glass plate for neutraliZation When disposing the 
semiconductor ?lm on the glass plate. HoWever, the primer 
layer disclosed in Japanese Patent Publication No. 3-72586 
has a larger refractive index of the primer layer in the side 
adjoining the glass plate than that of the primer layer in the 
side adjoining the semiconductor ?lm. When using such a 
structure, it is difficult to suppress the color change accom 
panied With thickness variations When employing a ?lm 
having a high refractive index such as titanium oxide for the 
semiconductor ?lm, and irregular color by the interference 
may occur. 

DISCLOSURE OF THE INVENTION 

[0009] The present invention has been created in vieW of 
these circumstances, and it is an object of the present 
invention to provide a photocatalytic member maintaining 
high photocatalytic activity and having a stain resistant 
function based on hydrophilic nature, and by setting the 
material and structure of a primer ?lm, capable of changing 
the color of re?ected light and the color of transmitted light 
to achromatic colors and reducing the dependence of the 
color on the thickness of the titanium-based oxide ?lm. 

[0010] The photocatalytic member according to the 
present invention comprises a titanium-based oxide ?lm 
disposed on one of the major surfaces of a transparent 
substrate, the titanium-based oxide ?lm having a photocata 
lytic function and a physical thickness of 50 to 500 nm; and 
a primer ?lm interposed betWeen the above described trans 
parent substrate and the above described titanium-based 
oxide ?lm, the primer ?lm being composed of tWo layers 
and having a total physical thickness of 40 to 200 nm, the 
layer of the above described primer ?lm adjoining the above 
described transparent substrate having at least a function of 
blocking the gas and impurities Which are discharged or 
eluted from the transparent substrate, and the layer of the 
above described primer ?lm adjoining the titanium-based 
oxide having a larger refractive index than that of the layer 
adjoining the above described transparent substrate; in 
Which the primer ?lm reduces the dependence of the color 
on the thickness of the titanium-based oxide ?lm, and the 
color of re?ected visible light and the color of transmitted 
visible light of one of the major surfaces of the above 
described transparent substrate, When observed at least in 
one direction, have chromaticness indices a* and b* in the 
L*a*b* color system in the range indicated as Within :5. 

[0011] In the present invention, a layer of the above 
described primer ?lm adjoining the above described trans 
parent substrate preferably has a physical thickness of 20 to 
100 nm and comprises a silicon nitride, silicon oxide or 
silicon oxynitride having a refractive index at a Wavelength 
of 550 nm of 1.4 to 2.2. 

[0012] In the present invention, the layer of the above 
described primer ?lm adjoining the above described tita 
nium-based oxide ?lm preferably comprises a niobium 
based oxide, tin-based oxide or Zinc-based oxide having a 
physical thickness of 20 to 100 nm. 
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[0013] Various colors of articles having a transparent 
substrate such as a WindoW glass can be quantitatively 
expressed on the chromaticity coordinates by chromaticness 
indices a* and b* in the L*a*b* color system provided by 
the International Commission on Illumination (Commission 
Internationale de l’Elairage: CIE), and its calculation 
method is provided in JIS Z 8729-1980. It is knoWn that 
When the chromaticness indices a* and b* are in the range 
indicated as Within :5, the color of re?ected light and the 
color of transmitted light exhibit neutral. Therefore, for 
obtaining a photocatalytic member exhibiting neutral, the 
chromaticness indices a* and b* are preferably in the range 
indicated as Within :5. 

[0014] In the present invention, a silicon oxide ?lm having 
oxygen defects is preferably disposed on a top surface. 

[0015] Further in the present invention, the above 
described primer ?lm, the above described titanium-based 
oxide ?lm and the silicon oxide ?lm having oxygen defects 
preferably comprise ?lms formed by a sputtering method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic sectional vieW shoWing one 
embodiment of a photocatalytic member according to the 
present invention; 

[0017] FIG. 2 is a graphical representation shoWing the 
simulation calculation results of the behavior of the color of 
re?ected light at the ?lm surface and the color of transmitted 
light (a* and b*) When a titanium oxide ?lm has a thickness 
of 100 to 295 nm in the structure of Example 1; 

[0018] FIG. 3 is a graphical representation shoWing the 
simulation calculation results of the behavior of the color of 
re?ected light at the ?lm surface and the color of transmitted 
light (a* and b*) When a titanium oxide ?lm has a thickness 
of 100 to 295 nm in the structure of Example 2; 

[0019] FIG. 4 is a graphical representation shoWing the 
simulation calculation results of the behavior of the color of 
re?ected light at the ?lm surface and the color of transmitted 
light (a* and b*) When a titanium oxide ?lm has a thickness 
of 100 to 295 nm in the structure of Comparative Example 
1; and 

[0020] FIG. 5 is a graphical representation shoWing the 
simulation calculation results of the behavior of the color of 
re?ected light at the ?lm surface and the color of transmitted 
light (a* and b*) When a titanium oxide ?lm has a thickness 
of 100 to 295 nm in the structure of Comparative Example 
2. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0021] In FIG. 1, a photocatalytic member P comprises a 
?rst primer layer 2, a second primer layer 3, a titanium-based 
oxide ?lm 4 and a silicon oxide ?lm 5 formed in turn on a 
transparent substrate 1, in Which the ?rst primer layer and 
the second primer layer constitute a primer ?lm 6. 

[0022] (1) Transparent Substrate 

[0023] In the present invention, although a transparent 
substrate 1 such as a transparent resin may be used, a glass 
substrate is preferred, for example, for use in a WindoW glass 
for housing from a vieWpoint of durability and impact 
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resistance. As a glass substrate, a silicate glass plate, for 
example, a glass plate prepared by a ?oating process and the 
like may be applied. Further, When a WindoW glass is used 
With the surface having the ?lm facing the inside of a room, 
the glass substrate is preferably the one Which transmits the 
light capable of exiting a titanium-based oxide ?lm as a 
photocatalytic ?lm, that is, ultraviolet light and/or visible 
light. 
[0024] In the above-described silicate glass, alkaline com 
ponents such as sodium, potassium and the like are often 
contained typically for the reason of insuring melting prop 
erties to cast into a plate form and the like. The primer ?lm 
6 Which Will be described beloW is interposed betWeen the 
transparent substrate 1 (glass substrate) and the titanium 
based oxide ?lm 4, so that it is possible to prevent the 
reduction of the photocatalytic activity due to the diffusion 
of alkaline ions in the transparent substrate 1 into the 
titanium-based oxide ?lm 4. 

[0025] Incidentally, for obtaining the photocatalytic mem 
ber P in Which the color of re?ected light and the color of 
transmitted light exhibit neutral, as described above, the 
chromaticness indices a* and b* in the L*a*b* color system 
as provided in JIS Z 8729-1980 are preferably in the range 
indicated as Within :5. 

[0026] On the other hand, When the chromaticness indices 
a* and b* are in the range exceeding :5, the color of 
re?ected light and the color of transmitted light become to 
exhibit chromatic colors and the “intensity” of color 
becomes prominent. Therefore, in order to adjust the color 
of re?ected light and the color of transmitted light to neutral, 
the chromaticness indices a* and b* are preferably in the 
range indicated as Within :5. 

[0027] In addition, respective thicknesses of the primer 
?lm 6 and the titanium-based oxide ?lm 4 are set so that the 
chromaticness indices a* and b* of the color of re?ected 
light and the color of transmitted light are sufficiently Within 
:5; the irregular color by the interference is reduced; the 
transparency is ensured; and the performance as a photo 
catalytic membrane P is suf?cient. 

[0028] (2) Titanium-Based Oxide Film 

[0029] The titanium-based oxide ?lm 4 is a ?lm having a 
photocatalytic function, and if the thickness of the titanium 
based oxide ?lm 4 is too thin, it Would not absorb the light 
suf?ciently and could not obtain suf?cient photocatalytic 
activity. It is possible to adjust the color of re?ected light and 
the color of transmitted light by adjusting the thicknesses of 
the titanium-based oxide ?lm 4 together With the primer ?lm 
6 Which Will be described beloW. When the thickness of the 
titanium-based oxide ?lm 4 is too thick, the interference of 
light can be ignored and the necessity of adjusting color Will 
be loW. HoWever, the approach to increase the thickness of 
the titanium-based oxide ?lm 4 for neutraliZation Will lead 
to a large cost increase. According to the present invention, 
the titanium-based oxide ?lm 4 having a physical thickness 
in the range of 50 to 500 nm, more preferably from 100 to 
300 nm, can develop the photocatalytic activity and achieve 
neutraliZation. 

[0030] In the present invention, as for the titanium-based 
oxide ?lm 4, a titanium oxide ?lm, for example, is prefer 
ably applied. In addition, metals such as Fe, Co, Ni, Cu, Zn, 
V, Cr, Nb, Mo, Ta, W, Al, Si, Sn and the like and the oxides 
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of the above-described metals can be doped into the tita 
nium-based oxide ?lm 4 to improve the photocatalytic 
activity in the range Where the optical characteristics of the 
?lm is not extremely changed. 

[0031] (3) Primer Film 

[0032] A primer ?lm 6 is composed of tWo layers con 
sisting of a ?rst primer layer 2 and a second primer layer 3 
laminated on the ?rst primer layer 2, Which mainly has the 
action to suppress the variation of the interference color due 
to the thickness variation of titanium-based oxide ?lm 4 
Which is a photocatalytic ?lm to reduce the occurrence of the 
irregular color by the interference. HoWever, When the ?rst 
primer layer 2 and the second primer layer 3 have a physical 
thickness beloW 20 nm, respectively, the ?lm thickness is 
too thin to largely in?uence the interference of light to 
effectively reduce the occurrence of the irregular color by 
the interference. On the other hand, it has been found that 
When the ?rst primer layer 2 and the second primer layer 3 
have a physical thickness above 100 nm, respectively, it is 
also dif?cult to effectively reduce the occurrence of the 
irregular color by the interference. Consequently, in the 
present invention, the ?rst primer layer 2 and the second 
primer layer 3 Which constitute the primer ?lm have ?lm 
thicknesses Which are set in the physical thickness range of 
20 to 100 nm, more preferably from 30 to 80 nm, respec 
tively. 
[0033] In addition, the ?rst primer layer 2 of the primer 
?lm 6 adjoining the transparent substrate 1 has a function to 
block the gas and impurities Which are discharged or eluted 
from the transparent substrate 1 to reduce a photocatalytic 
function, Which includes, for example, a silicon nitride, 
silicon oxide or silicon oxynitride. They all have good 
blocking properties, so that the ratio of oxide or nitride can 
be freely set. HoWever, it is desirable to increase the ratio of 
nitride to bring a refractive index into the range of 1.6 to 2.2 
in order to achieve neutraliZation by a thinner ?lm thickness. 

[0034] Further, the second primer layer 3 of the primer 
?lm 6 adjoining the titanium-based oxide ?lm 4 preferably 
comprises a niobium-based oxide having properties to 
improve a photocatalytic function. The niobium-based oxide 
layer serves as a carrier barrier layer, Which has the effect to 
transfer the carrier generated by the light irradiation to the 
surface of the photocatalytic member P. 

[0035] Furthermore, the neutraliZation can be achieved by 
using tin-based oxide or Zinc-based oxide, Whose effect for 
improving the photocatalytic activity is not so large, but 
Which has an equivalent refractive index to the niobium 
based oxide and a higher sputter rate compared With the 
niobium-based, enabling to enhance production efficiency. 

[0036] (4) Top Surface Layer 
[0037] In the present invention, a silicon oxide ?lm 5 
having oxygen defects can be formed on the top surface of 
a laminate in Which a titanium-based oxide ?lm is formed. 
The above-described oxygen defects denote the state or the 
part Where oxygen has come out of a part of a netWork of 
silicon-oxygen-silicon. The part Where oxygen has come out 
combines With OH for electron charge compensation to form 
a silanol group, so that it has Water retention effect, main 
tains hydrophilic nature and is capable of improving stain 
resistance. The above-described silicon oxide ?lm 5 prefer 
ably has a thickness in the range of 5 to 25 nm. When the 

Jan. 8, 2004 

above-described silicon oxide ?lm 5 has a thickness beloW 
5 nm, the control of ?lm thickness is dif?cult and the effect 
for improving stain resistance is not conspicuous, and When 
it has a thickness of 25 nm or more the carrier generated in 
the titanium oxide ?lm 4 cannot diffuse to the surface of the 
photocatalytic member P to reduce the photocatalytic activ 
ity. 

[0038] (5) Production Method 

[0039] In the present invention, as a method for forming a 
primer ?lm 6, a titanium-based oxide ?lm 4 and a silicon 
oxide ?lm 5 on a transparent substrate 1, a vacuum depo 
sition method, a CVD method or a coating method may be 
applied. HoWever, a sputtering method is preferably 
employed in consideration of securing performance of a thin 
?lm and in-plane uniformity of a ?lm thickness the stability 
of production and the like. As the sputtering method, con 
ventionally Well-knoWn methods can be applied such as a 
direct-current sputtering method, a high-frequency sputter 
ing method, a PMS method (pulse magnetron sputtering 
method) for sputtering While eliminating electrical charges 
on a target surface by applying voltage to the cathodes 
disposed adjoining each other by alternately reversing the 
polarity of the applied voltage. 

[0040] In addition, as a sputter deposition device for 
coating the surface of the transparent substrate 1 With the 
titanium-based oxide ?lm 4, a Well-knoWn sputter deposi 
tion device can be used having a mechanism for introducing 
?oW-rate controlled argon, oxygen and nitrogen into a 
deposition chamber, and at the same time having a function 
to evacuate the deposition chamber With a vacuum pump 
and to stably sustain the constant reduced pressure atmo 
sphere. 

[0041] Speci?c examples and comparative examples 
according to the present invention Will noW be described. 
For Examples 1 to 4 and Comparative Example 1 to 4, a 
glass plate Was used for a transparent substrate; a titanium 
oxide ?lm Was used for a titanium-based oxide ?lm; and a 
primer ?lm, the titanium oxide ?lm and a silicon oxide ?lm 
Were all covered using an inline magnetron sputtering 
method. 

EXAMPLE 1 

[0042] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon nitride ?lm having a 
thickness of 50 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a nio 
bium oxide ?lm having a thickness of 40 nm as a second 
primer layer; the surface of the above-described second 
primer layer Was covered With a titanium oxide ?lm having 
a thickness of 230 nm; and the surface of the above 
described titanium oxide ?lm Was covered With a silicon 
oxide ?lm having a thickness of 10 nm. Film deposition 
conditions and measurement of optical characteristics of 
each ?lm are shoWn beloW. 

[0043] (Deposition Conditions of Silicon Nitride Film) 

[0044] Target: conductive Si (B doped) 

[0045] Applied poWer to target: 3 kW (RF) 
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[0046] N2 ?oW rate: 100 sccm 

[0047] Gas pressure: 4x10“1 Pa 

[0048] Covering ?lm thickness: adjusted the number 
and the speed for passing the target and the applied 
poWer to the target; measured and con?rmed using a 
stylus step pro?ler. 

[0049] (Deposition Conditions of Niobium Oxide Film) 

[0050] Target: Nb 

[0051] Applied poWer to target: 3 kW (DC) 

[0052] 
[0053] 
[0054] Covering ?lm thickness: adjusted the number 

and the speed for passing the target and the applied 
poWer to the target; measured and con?rmed using a 
stylus step pro?ler. 

[0055] (Deposition Conditions of Titanium Oxide Film) 

[0056] 
[0057] 
[0058] 
[0059] 
[0060] Covering ?lm thickness: adjusted the number 

and the speed for passing the target and the applied 
poWer to the target; measured and con?rmed using a 
stylus step pro?ler. 

[0061] (Deposition Conditions of Silicon Oxide Film) 

[0062] 
[0063] 
[0064] 
[0065] 
[0066] 
[0067] Covering ?lm thickness: adjusted the number 

and the speed for passing the target and the applied 
poWer to the target; measured and con?rmed using a 
stylus step pro?ler. 

O2 ?oW rate: 100 sccm 

Gas pressure: 4x10“1 Pa 

Target: Ti 

O2 ?oW rate: 100 sccm 

Gas pressure: 4x10“1 Pa 

Applied poWer to target: 3 kW (DC) 

Target: conductive Si (B doped) 

O2 ?oW rate: 75 sccm 

Ar ?oW rate: 25 sccm 

Gas pressure: 4x10‘1 Pa 

Applied poWer to target: 3 kW (RF) 

[0068] (Measurement of Optical Characteristics) 
[0069] The ?lm surface re?ectance Rm (5°) and the trans 
mittance T (0°) of the sample obtained in Example 1 Were 
measured using a Perkin-ElmerkZO-type spectrophotometer 
in accordance With JIS R 3106-1985. As for the measure 
ment of the color of re?ected light and the color of trans 
mitted light (a* and b*), the values in Table 1 Were deter 
mined by the calculation from the chromaticness indices a* 
and b* in the L*a*b* color system provided in JIS Z 
8729-1980. 

[0070] The irregular color by the interference Was deter 
mined according to the folloWing procedure. The a* and b* 
of the color of re?ected light and the color of transmitted 
light Were measured for tWo points, that is, a center point 
assumed to have the thickest ?lm thickness and a point in the 
vicinity of corners assumed to have the thinnest ?lm thick 
ness in the effective deposition area of a sample. The Aa* 
and Ab* Which are the difference of a* values and b* values 

Jan. 8, 2004 

betWeen the tWo points, respectively, Were determined, and 
the color difference AE*ab according to the L*a*b* color 
system provided in JIS Z 8730-1980 Was calculated from the 
equation beloW: 

AE*ab=(AL *2+Aa*2+Ab*2) 
[0071] in Which the calculation Was simpli?ed by assum 
ing AL*=0 (no change of lightness). The color difference 
beloW 10 Was evaluated as “good”, from 10 to beloW 20 as 
“fair” and 20 or above as “poor”. 

[0072] As for the photocatalytic activity, the residual ratio 
(amount of decomposition) of triolein coated on a sample 
after the irradiation for 46 hours of the ultraviolet light 
having an intensity of 3 mW/cm2 Were measured, and the 
residual ratio beloW 30% Was evaluated as “good”, from 
30% to beloW 70% as “fair” and 70% or above as “poor”. 

[0073] As for the stain resistant effect, a sample Was 
irradiated for 30 minutes With the ultraviolet light having an 
intensity of 3 mW/cm2, and then the sample Was left in the 
dark for 30 minutes. Immediately after that, the contact 
angle Was measured as an alternative characteristic, in Which 
the contact angle beloW 5 degree Was evaluated as “excel 
lent”, from 5 degree to beloW 10 degree as “good”, from 10 
degree to beloW 20 degree as “fair” and 20 degree or above 
as “poor”. 

[0074] As apparent from Table 1, the sample of Example 
1 had neutral color of re?ected light and neutral color of 
transmitted light, and no irregular color by the interference 
Was observed. Both photocatalytic activity and stain resis 
tant effect exhibited good results. 

EXAMPLE 2 

[0075] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon oxynitride ?lm having 
a thickness of 60 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a nio 
bium oxide ?lm having a thickness of 50 nm as a second 
primer layer; the surface of the above-described second 
primer layer Was covered With a titanium oxide ?lm having 
a thickness of 225 nm; and the surface of the above 
described titanium oxide ?lm Was covered With a silicon 
oxide ?lm having a thickness of 10 nm. Film deposition 
conditions Were similar to Example 1. The deposition con 
ditions of the silicon nitride ?lm are shoWn beloW. 

[0076] (Deposition Conditions of Silicon Oxynitride Film) 

[0077] 
[0078] 
[007 9] 
[0080] 
[0081] 
[0082] Covering ?lm thickness: adjusted the number 

and the speed for passing the target and the applied 
poWer to the target; measured and con?rmed using a 
stylus step pro?ler. 

Target: conductive Si (B doped) 

Applied poWer to target: 3 kW (RF) 

N2 ?oW rate: 90 sccm 

O2 ?oW rate: 10 sccm 

Gas pressure: 4x10“1 Pa 

[0083] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, the sample of Example 2 had neutral color of 
re?ected light and neutral color of transmitted light, and no 
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irregular color by the interference Was observed. Both 
photocatalytic activity and stain resistant effect exhibited 
good results. 

EXAMPLE 3 

[0084] Asoda lime silicate glass plate (100 mm X 100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon nitride ?lm having a 
thickness of 50 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a tin 
oxide ?lm having a thickness of 20 nm as a second primer 
layer; the surface of the above-described second primer 
layer Was covered With a titanium oxide ?lm having a 
thickness of 150 nm; and the surface of the above-described 
titanium oxide ?lm Was covered With a silicon oxide ?lm 
having a thickness of 10 nm. Film deposition conditions 
Were similar to Example 1. The deposition conditions of the 
tin oxide ?lm are shoWn beloW. 

[0085] (Deposition Conditions of Tin Oxide Film) 

[0086] 
[0087] 
[0088] 
[0089] 
[0090] Covering ?lm thickness: adjusted the number 

and the speed for passing the target and the applied 
poWer to the target; measured and con?rmed using a 
stylus step pro?ler. 

Target: Sn 

02 How rate: 100 sccm 

Gas pressure: 4x10“1 Pa 

Applied poWer to target: 3 kW (DC) 

[0091] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, the sample of Example 3 had neutral color of 
re?ected light and neutral color of transmitted light, and no 
irregular color by the interference Was observed. The pho 
tocatalytic activity Was a little poor compared With Example 
1 by having replaced the second primer layer With tin oxide, 
but the stain resistant effect exhibited good results. 

EXAMPLE 4 

[0092] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon oxide ?lm having a 
thickness of 20 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a nio 
bium oxide ?lm having a thickness of 50 nm as a second 
primer layer; the surface of the above-described second 
primer layer Was covered With a titanium oxide ?lm having 
a thickness of 235 nm; and the surface of the above 
described titanium oxide ?lm Was covered With a silicon 
oxide ?lm having a thickness of 10 mm Film deposition 
conditions Were similar to Example 1. The deposition con 
ditions of the silicon oxide ?lm for the ?rst primer layer are 
shoWn beloW. 

[0093] (Deposition Conditions of Silicon Oxide Film for 
First Primer Layer) 

[0094] 

[0095] 

[0096] 

[0097] 

Target: conductive Si (B doped) 

02 How rate: 100 sccm 

Gas pressure: 4x10‘1 Pa 

Applied poWer to target: 3 kW (RF) 
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[0098] Covering ?lm thickness: adjusted the number 
and the speed for passing the target and the applied 
poWer to the target; measured and con?rmed using a 
stylus step pro?ler. 

[0099] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, the sample of Example 4 had neutral color of 
re?ected light, and some irregular color by the interference 
Was observed. Both photocatalytic activity and stain resis 
tant effect exhibited good results. 

[0100] As indicated above, even When silicon oxide ?lm 
(re?ective index 1.46) is used for the ?rst primer layer of the 
primer ?lm, the chromatics indices a* and b* in Rm (5°) and 
T (0°) can satisfy Within :5 by adjusting the thickness of the 
niobium oxide ?lm for the second primer layer. HoWever, 
the amount of color change to the ?lm thickness variation 
Was a little poor compared With Examples 1 and 2, resulting 
in the occurrence of the irregular color by the interference. 

EXAMPLE 5 

[0101] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon nitride ?lm having a 
thickness of 50 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a nio 
bium oxide ?lm having a thickness of 40 nm as a second 
primer layer; the surface of the above-described second 
primer layer Was covered With a titanium oxide ?lm having 
a thickness of 75 nm; and the surface of the above-described 
titanium oxide ?lm Was covered With a silicon oxide ?lm 
having a thickness of 10 nm. Film deposition conditions 
Were similar to Example 1. 

[0102] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, the sample of Example 5 had neutral color, and no 
irregular color by the interference Was observed. Both 
photocatalytic activity and stain resistant effect Were close to 
tolerance limits due to a thin titanium oxide ?lm. 

EXAMPLE 6 

[0103] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon nitride ?lm having a 
thickness of 50 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a nio 
bium oxide ?lm having a thickness of 40 nm as a second 
primer layer; the surface of the above-described second 
primer layer Was covered With a titanium oxide ?lm having 
a thickness of 455 nm; and the surface of the above 
described titanium oxide ?lm Was covered With a silicon 
oxide ?lm having a thickness of 10 nm. Film deposition 
conditions Were similar to Example 1. 

[0104] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, the sample of Example 6 had neutral color, and no 
irregular color by the interference Was observed. Both 
photocatalytic activity and stain resistant effect exhibited 
good results. 

EXAMPLE 7 

[0105] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
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glass plate Was covered With a silicon nitride ?lm having a Table 1, the sample of Example 8 had neutral color, and no 
thickness of 50 nm as a ?rst primer layer; the surface of the irregular color by the interference Was observed. Both 
above-described ?rst primer layer Was covered With a nio- photocatalytic activity and stain resistant effect dropped 
bium oxide ?lm having a thickness of 40 nm as a second since the thickness of the top surface layer increased com 
primer layer; and the surface of the above-described second pared With Example 1. 

TABLE 1 

Examples and Comparative Examples 

Color of 
re?ected 

light at ?lm Color of 
surface transmitted Irregular color Photo- Stain 

Physical ?lm thickness [nm] Rm (5°) light T (0°) by the catalytic resistant 

Structure First Layer Second Layer TiO2 SiO2 a" b" a" b" interference activity effect 

Exam 
ples 

1 G/Si3N4/Nb2O5/I‘iO2/SiO2 50 40 230 10 2.0 —1.0 —1.4 0.6 good good excellent 
2 G/SiOxNy/Nb2O5/I‘iO2/ 60 50 225 10 0.1 —1.7 —0.6 1.1 good good excellent 

SiO2 
3 G/Si3N4/SnO2/I‘iO2/SiO2 50 20 150 10 —2.7 —0.2 —0.3 —0.1 good fair excellent 
4 G/SiOZ/NbZOS/I‘iOZ/SiO2 20 50 235 10 0.7 3.4 —2.4 —0.8 fair good excellent 
5 G/Si3N4/Nb2O5/I‘iO2/SiO2 50 40 75 10 —4.4 —3.6 0.8 1.9 good fair fair 
6 G/Si3N4/Nb2O5/I‘iO2/SiO2 50 40 455 10 —0.9 —2.3 —0.8 1.6 good good excellent 
7 G/Si3N4/Nb2O5/I‘iO2 50 40 230 — 0.7 —1.9 —0.9 1.2 good good good 
8 G/Si3N4/Nb2O5/I‘iO2/SiO2 50 40 230 20 1.7 0.2 —1.3 0.2 good fair fair 
Com 
parative 
Exam 
ple 

1 G/I‘iOZ/SiO2 — — 185 10 14.9 12.4 —8.2 —7.1 poor poor fair 

2 G/SiOZ/I‘iOZ/SiO2 20 — 185 10 14.6 12.3 —10.1 —2.4 poor fair fair 
3 G/Si3N4/Nb2O5/I‘iO2/SiO2 50 40 25 10 4.2 0.0 —2.4 0.4 good poor poor 
4 G/Si3N4/Nb2O5/I‘iO2/SiO2 50 40 230 30 2.8 1.4 —1.9 —0.6 good poor fair 

primer layer Was covered With a titanium oxide ?lm having 
a thickness of 230 nm. Film deposition conditions Were 
similar to Example 1. 

[0106] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, the sample of Example 7 had neutral color, and no 
irregular color by the interference Was observed. Since no 
top surface layer Was disposed, good results Were obtained 
for the photocatalytic activity, but the stain resistant effect 
exhibited a little poor results compared With Example 1 due 
to reduced capability for maintaining the hydrophilic nature. 

EXAMPLE 8 

[0107] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon nitride ?lm having a 
thickness of 50 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a nio 
bium oxide ?lm having a thickness of 40 nm as a second 
primer layer; the surface of the above-described second 
primer layer Was covered With a titanium oxide ?lm having 
a thickness of 230 nm; and the surface of the above 
described titanium oxide ?lm Was covered With a silicon 
oxide ?lm having a thickness of 20 nm. Film deposition 
conditions Were similar to Example 1. 

[0108] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 

COMPARATIVE EXAMPLE 1 

[0109] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a titanium oxide ?lm having a 
thickness of 185 nm; and the surface of the above-described 
titanium oxide ?lm Was covered With a silicon oxide ?lm 
having a thickness of 10 nm. Film deposition conditions 
Were similar to Example 1. 

[0110] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, neutraliZation of the color of re?ected light and the 
color of transmitted light Was not achieved and the irregular 
color by the interference Was observed, since the sample of 
Comparative Example 1 had no primer layer. The photo 
catalytic activity Was not observed due to the absence of the 
alkaline passivation effect and carrier barrier effect, and the 
stain resistant effect exhibited relatively poor results. 

COMPARATIVE EXAMPLE 2 

[0111] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon oxide ?lm having a 
thickness of 20 nm as a primer layer; the surface of the 
above-described silicon oxide ?lm Was covered With a 
titanium oxide ?lm having a thickness of 185 run; and the 
surface of the above-described titanium oxide ?lm Was 
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covered With a silicon oxide ?lm having a thickness of 10 
nm. Film deposition conditions Were similar to Example 4. 

[0112] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, neutralization of the color of re?ected light and the 
color of transmitted light Was not achieved and the irregular 
color by the interference Was observed, since the sample of 
Comparative Example 2 used silicon oxide for the ?rst 
primer layer and had no second primer layer. The photo 
catalytic activity and the stain resistant effect exhibited a 
little poor results compared With Example 4 due to the 
absence of the carrier barrier effect. 

COMPARATIVE EXAMPLE 3 

[0113] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon nitride ?lm having a 
thickness of 50 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a nio 
bium oxide ?lm having a thickness of 40 nm as a second 
primer layer; the surface of the above-described second 
primer layer Was covered With a titanium oxide ?lm having 
a thickness of 25 nm; and the surface of the above-described 
titanium oxide ?lm Was covered With a silicon oxide ?lm 
having a thickness of 10 nm. Film deposition conditions 
Were similar to Example 1. 

[0114] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, the sample of Comparative Example 3 had neutral 
color, and no irregular color by the interference Was 
observed. Both photocatalytic activity and stain resistant 
effect Were poor even compared With Example 5 and almost 
ineffective due to the extremely thin titanium oxide ?lm. 

COMPARATIVE EXAMPLE 4 

[0115] A soda lime silicate glass plate (100 mm><100 mm, 
3 mm thick) Was Well cleaned; one of the surfaces of the 
glass plate Was covered With a silicon nitride ?lm having a 
thickness of 50 nm as a ?rst primer layer; the surface of the 
above-described ?rst primer layer Was covered With a nio 
bium oxide ?lm having a thickness of 40 nm as a second 
primer layer; the surface of the above-described second 
primer layer Was covered With a titanium oxide ?lm having 
a thickness of 230 nm; and the surface of the above 
described titanium oxide ?lm Was covered With a silicon 
oxide ?lm having a thickness of 30 nm. Film deposition 
conditions Were similar to Example 1. 

[0116] The obtained sample Was evaluated in a similar 
manner to Example 1. According to the results, as shoWn in 
Table 1, the sample of Comparative Example 4 had neutral 
color, and no irregular color by the interference Was 
observed. Both photocatalytic activity and stain resistant 
effect dropped since the thickness of the top surface layer 
further increased compared With Example 8. 

[0117] FIG. 2 is a graphical representation shoWing the 
simulation calculation results of the behavior of the color of 
re?ected light at the ?lm surface and the color of transmitted 
light (a* and b*) When a titanium oxide ?lm has a thickness 
of 100 to 295 nm in the structure of Examples 1 and 2 and 
Comparative Examples 1 and 2. The simulation calculation 
results, to Which the chromatic dispersion of optical char 
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acteristics corresponding to respective ?lm materials have 
been added, have been con?rmed to be in close agreement 
With experimental results. 

[0118] In Examples 1 and 2, it is understood that the 
change of the colors of re?ected and transmitted light is 
small When the titanium oxide ?lm thickness varies and 
neutraliZation is possible for any ?lm thickness. On the other 
hand, in Comparative Examples 1 and 2, the change of the 
colors is very large When the titanium oxide ?lm thickness 
varies, and it is assumed that the irregular color by the 
interference due to the variation of the titanium oxide ?lm 
thickness tends to occur easily. 

[0119] Therefore, it is possible to provide a photocatalytic 
member capable of neutraliZing the color of re?ected light 
and the color of transmitted light and reducing the depen 
dence of the color on the thickness of the titanium-based 
oxide ?lm by setting the material (refractive index) and the 
?lm thickness of a primer layer Within a certain range. 

[0120] As described above, it is apparent that the photo 
catalytic member according to the present invention com 
prises a titanium-based oxide ?lm disposed on one of the 
major surfaces of a transparent substrate, the titanium-based 
oxide ?lm having a photocatalytic function and a physical 
thickness of 50 to 500 nm; and a primer ?lm interposed 
betWeen the above-described transparent substrate and the 
above-described titanium-based oxide ?lm, the primer ?lm 
being composed of tWo layers and having a total physical 
thickness of 40 nm or above, the layer of the above 
described primer ?lm adjoining the above-described trans 
parent substrate having at least a function of blocking the gas 
and impurities Which are discharged or eluted from the 
transparent substrate, and the layer of the above-described 
primer ?lm adjoining the titanium-based oxide having a 
larger refractive index than that of the layer adjoining the 
above-described transparent substrate; in Which the color of 
re?ected light and the color of transmitted light exhibit 
neutral colors, and the irregular color by the interference due 
to the variation of the above-described titanium-based oxide 
?lm thickness is small. 

[0121] Further, the photocatalytic member according to 
the present invention can maintain high photocatalytic activ 
ity and can maintain a stain resistant function based on 
hydrophilic nature for a long period of time. 

[0122] Therefore, When the photocatalytic member 
according to the present invention is applied, for example, 
for an architectural WindoW glass, the resultant WindoW 
glass has neutral colors of re?ected and transmitted light; 
exerts a stain resistant function When the laminated ?lm is 
used for the outside of a room; exerts a stain resistant 
function When the laminated ?lm is used for the inside of a 
room; and can serve as measures against the sick building 
syndrome. 

INDUSTRIAL APPLICABILITY 

[0123] As described above, the photocatalytic member 
according to the invention has neutral color of re?ected light 
and neutral color of transmitted light, and also exerts hydro 
philic nature and a stain resistant function, so that its utility 
value as an architectural WindoW glass and the like is high. 
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1. A photocatalytic member characterized in that: 

a titanium-based oxide ?lm is disposed on one of the 
major surfaces of a transparent substrate, the titanium 
based oxide ?lm having a photocatalytic function and 
a physical thickness of 50 to 500 nm; 

a primer ?lm is interposed betWeen said transparent 
substrate and said titanium-based oxide ?lm, the primer 
?lm being composed of tWo layers and having a total 
physical thickness of 40 to 200 nm, the layer of said 
primer ?lm adjoining said transparent substrate having 
at least a function of blocking the gas and impurities 
Which are discharged or eluted from the transparent 
substrate, and the layer of said primer ?lm adjoining the 
titanium-based oxide having a larger refractive index 
than that of the layer adjoining said transparent sub 
strate; and 

the primer ?lm reduces the dependence of the color on the 
thickness of the titanium-based oxide ?lm, and the 
color of re?ected visible light and the color of trans 
mitted visible light of one of the major surfaces of said 
transparent substrate, When observed at least in one 
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direction, have chromaticness indices a* and b* in the 
L*a*b* color system in the range indicated as Within 
:5. 

2. The photocatalytic member according to claim 1, 
characteriZed in that the layer of said primer ?lm adjoining 
said transparent substrate has a physical thickness of 20 to 
100 nm and comprises a silicon nitride, silicon oxide or 
silicon oxynitride having a refractive index at a Wavelength 
of 550 nm of 1.4 to 2.2. 

3. The photocatalytic member according to claim 1 or 2, 
characteriZed in that the layer of said primer ?lm adjoining 
said titanium-based oxide ?lm comprises a niobium-based 
oxide, tin-based oxide or Zinc-based oxide having a physical 
thickness of 20 to 100 nm. 

4. The photocatalytic member according to any one of 
claim 1 to 3, characteriZed in that a silicon oxide ?lm having 
oxygen defects is disposed on a top surface. 

5. The photocatalytic member according to any one of 
claim 1 to 4, characteriZed in that said primer ?lm, said 
titanium-based oxide ?lm and said silicon oxide ?lm having 
oxygen defects comprise ?lms formed by a sputtering 
method. 


